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There have been several reports concerned with the replication and morphogenesis of insect
baculoviruses during the past decade [1-7]. While there is general agreement as to the assembly
of the virus on the basis of electron microscopic studies, there are still questions regarding the
details of the replicative mechanisms, such as the acquisition of the virus envelope. Three
possible ways have been proposed to describe envelope formation ofnuclear polyhedrosis virus:
(i) acquisition of budding through the nuclear membrane; (ii) acquisition of budding through
the plasma membrane, and (iii) de novo formation within the nucleus.
This paper briefly describes the observations made on the acquisition of a virus envelope by
the cotton bollworm virus (Heliothis armigera), a nuclear polyhedrosis virus, in primary
hemocyte cultures. Swirling hair-like clusters, hitherto unreported, were observed in association
with virogenic stroma aaid nucleocapsids in the nuclei of infected cells. It is postulated that the
formation of the hair-like structure may be involved in the process ofenvelopment ofthe virus.
MATERIALS AND METHODS
Cell Culture
Fifth to sixth instar larvae of Heliothis armigera fed on an artificial diet were
used for experiments. Theywere starved for 24 hours, immersed in 70 percent ethanol
for 30 minutes, and washed with sterile distilled water and Hanks' balanced salt
solution. Hemolymph containing hemocytes was collected from the prolegs, and
dropped into sterile bottles containing 1 ml of culture medium that consisted of 90
percent Grace's medium and 10 percent calf serum. One-tenth ml of saturated
pheythiourea solution was added to each ml of medium, and the pH was adjusted to
6.4. The cultures were incubated at 280C.
Virus Stock
Nuclear polyhedrosis virus (NPV) stocks containing 5 x 106 polyhedra/ml were fed
to healthy third to fourth instar larvae. Five to six days after infection, the larvae
were surface cleaned as described above and their hemolymphs were collected into
centrifuge tubes. After 90 minutes' centrifugation at 1,000 x g, the pellet containing
hemocytes and polyhedra was removed. The supernatant fluid was centrifuged again
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All rights of reproduction in any form reserved.at 6,000 x g for 30 minutes, and the supernatant fluid containing the virus was used
for inoculation.
Infection of Cells
Each bottle culture containing a monolayer ofhemocytes was inoculated with two-
tenths ml of a 1:10 dilution of virus suspension and incubated at 80 Cforadsorption;
after 60 minutes, 0.8 ml of medium was added. Culture medium without virus was
used for the controls. Five days after inoculation, the cells were dispersed by 0.02
percent versene solution. The cell pellet was fixed in 2 percent glutaraldehyde at pH
7.2 phosphate buffer and postfixed in I percent osmic acid in the same buffer. After a
series of dehydration and infiltration, the samples were embedded in dialized
pathlate. Thin sections were made by a LKB-8800 ultratome with glass knives and
stained with uranyl acetate followed by lead citrate. The specimens were examined
under a JEM 100 C electron microscope.
RESULTS AND DISCUSSION
The differences in appearance between normal and virus-infected cells were
striking (Figs. 1 and 2). The presence of virogenic stroma and nucleocapsids was
evident only in the nuclei of the infected cells. These morphologic features were
always associated with the "swirling hair-like" material. The latter was observed not
only in sections of infected culture cells but also in sections of the fat tissues of the
virus infected insects (Fig. 3).
After examination of a series of sections prepared from thedifferent infected cells,
the following sequence of events associated with the envelopment of the virus was
inferred: (i) The individual units of the hair-like clusters became elongated to form
filaments which later developed into a double-layered structure (Fig. 4); as the
number of filaments increased, the hair-like clusters decreased. (ii) When the hair-
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like clusters disappeared, the filamentous double-layered structures began to enclose
the nucleocapsids; at that time immature as well as mature polyhedral bodies
appeared (Fig. 5). (iii) Gradually, the enveloped nucleocapsids were incorporated
into the polyhedra which lacked the polyhedral membranes (Fig. 6). (iv) As the
enveloped nucleocapsids continued to appear, polyhedral membranes began to form.
In the nuclei, the number of polyhedral bodies increased while the filamentous
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double-layered structures gradually decreased. It was noted that the double-layered
structure was approximately 25-35 mm in width, which was the thickness of the
envelopes that enclosed the nucleocapsid. Thus, it appears possible that the double-
layered viral envelope is derived from the swirling hair-like material, going through
the filamentous double-layered stage before final envelopment.
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We observed, after examination of a large number of specimens, that only the
enveloped nucleocapsids were incorporated into the polyhedral bodies, while the
unenveloped ones were not. Heliothis armigera NPV is of the single embedded virus
type; that is, within the envelope there is only one single nucleocapsid.
In insect baculoviruses, the presence ofvirogenic stroma and nucleocapsids in the
nuclei of infected cells is well-documented. According to Harrap, the virogenic
stroma is the site of virus replication [8]. In our experiments, a "swirling hair-like"
material was repeatedly observed in association with the virogenic stroma and
nucleocapsids. This material, hitherto unreported, and possibly derived from the
virogenic stroma, appeared to be involved in the envelopment ofthe cotton bollworm
virus. It seems that there are two alternative w.ays for describing the process of
envelopment; that is, that the virogenic stroma forms the hair-like clusters and
through morphogenesis they in turn evolve into the virus envelope. However, Stoltz
t000
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et al. [2] believed alternatively that the envelopes of NPV may be acquired directly
from virogenic stroma. Figure 7 presents an alternative means for acquiring virus
envelopes. It is possible that the differences are due to earlier investigators who did
not observe the hair-like structures intheirstudies. It may be argued that even though
the "swirling hair-like" material consistently appeared in the infected cells, it played
no part in viral envelopment. While this may be so, the hair-like material was
observed in infected cells both in vitro cell cultures and in vivo fat tissues; it was
always associated with virogenic stroma and nucleocapsids. Furthermore, the
sequential timing of the appearance and disappearance ofthe related virus structures
strongly suggests that this swirling hair-like material is involved in the envelopment
of this virus.
ACKNOWLEDGEMENTS
This work was carried out by the team of"biology of viruses" at Wuhan Institute ofVirology under the
supervision of Dr. Gao and Mr. Sie Tien.
The author greatly appreciated the critical review of the manuscript by Dr. D.L. Knudson of the
Department of Epidemiology and Public Health, Yale University School of Medicine. He also thanks
Mary Wright and Kari Hastings for the preparation of the manuscript.
REFERENCES
1. Robertson JS, Harrap KA: Baculovirus morphogenesis: the acquisition of the virus envelope. J
Invertebr Pathol 23:248-251, 1973
2. Stoltz DB, Pavan C, Da Cunha AB: Nuclear polyhedrosis virus: a possible example of de novo
intranuclear membrane morphogenesis. J Gen Virol 19:145-150, 1973
3. MacKinnon EA, Henderson JF, Stoltz DB, et al: Morphogenesis of nuclear polyhedrosis virus under
conditions of prolonged passage in vitro. J Ultrastructure Res 49:419435, 1974
4. Asayame T, Inagaki I, Kawamto F, et al: Electron microscopical observations in the maturation
process of nucleopolyhedrosis viruses infected in the fat body cell of the oriental tuessock moth,
Euproctis subflava and the Japanese giant silkworm, Dictyoplyca japonica. Ja J Appl Ent Zool
18:287-298, 1974
5. Knudson DL, Harrap KA: Replication of a nuclear polyhedrosis virus in a continuous cell culture of
Spodoptera frugiperda: Microscopy study of the sequence of events of the virus infection. J Virol
17:254-268, 1976
6. Allen GE, Knell JD: A nuclear polyhedrosis virus of Anticarsia gemmatmlis. I. Ultrastructure,
replication, and pathogenicity. Rla Entomol 60:233-240, 1977
7. Adams JR, Goodwin RH, Wilcox TA: Electron microscopic investigation on invasion and replication
of insect baculoviruses in vivo and in vitro. Biol Cellulaire 38:261-268, 1977
8. Harrap KA: The structure of nuclear polyhedrosis virus. III. Virus assembly. Virology 50:133-139,
1972